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@  Method  of  producing  a  neutralised  low  energy  ion  beam,  neutralised  low  energy  ion  beam  generator  and  method  of 
producing  a  neutrilised  high  energy  ion  beam. 

©  A  neutralised  low  energy  ion  beam  is  produced  by 
forming  a  plasma  between  an  anode  (13)  and  a  cathode  (14) 
and  maintaining  a  grid  (16)  at  a  potential  slightly  more 
positive  than  the  cathode  (14)  so  that  a  beam  containing 
positive  ions  and  high  energy  primary  electrons  from  the 
plasma  passes  through  the  grid  (16). 

A  neutralised  high  energy  ion  beam  is  produced  by 
directing  (Fig.  4)  a  low  energy  beam  containing  charged 
particles  of  opposite  polarity  to  that  of  the  ions  in  an  unneu- 
tral  teed  high  energy  ion  beam  across  the  latter  beam.  The 
fejw  energy  beam  may  be  one  produced  by  a  generator 
{Fig.  1)  as  described  above  or  another  ion  source  and  an 
electron  source  (21). 
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A   neutralised  low  energy  ion  beam  is  produced  by 
forming  a  plasma  between  an  anode  (13)  and  a  cathode  (14) 
and  maintaining  a  grid  (16)  at  a  potential  slightly  more 
positive  than  the  cathode  (14)  so  that  a  beam  containing 
positive  ions  and  high  energy  primary  electrons  from  the 
plasma  passes  through  the  grid  (16). 

A  neutralised  high  energy  ion  beam  is  produced  by 
directing  (Fig. 4)  a  low  energy  beam  containing  charged 
particles  of  opposite  polarity  to  that  of  the  ions  in  an  unneu- 
trallsed  high  energy  ion  beam  across  the  latter  beam.  The 
low  energy  beam  may  be  one  produced  by  a  generator 
Fig.1)  as  described  above  or  another  ion  source  and  an 
electron  source  (21). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  the  g e n e r a t i o n   of  n e u t r a l i s e d   ion  beams 

and  more  p a r t i c u l a r l y   to  method  of  p roduc ing   a  n e u t r a l i s e d   low  e n e r g y  
ion  beam,  n e u t r a l i s e d   low  energy  ion  beam  g e n e r a t o r   and  method  o f  

p roduc ing   a  n e u t r a l i s e d   high  energy  ion  beam. 

S p u t t e r i n g   t e c h n i q u e s   for  p r e c i s e l y   machining  the  su r face   of  a  t a r g e t  

s u b s t r a t e   are  well  known.  These  t e c h n i q u e s   r e q u i r e   the  g e n e r a t i o n   of  an  

ion  beam  at  a  s u f f i c i e n t   energy  l eve l   to  remove  atomic  p a r t i c l e s   from  a  

t a r g e t   su r f ace   of  the  s u b s t r a t e   by  bombardment  with  the  ion  beam.  The 

s p u t t e r e d   p a r t i c l e s   may  themse lves   be  d e p o s i t e d   through  s u i t a b l e   mask ing  

onto  a  second  s u b s t r a t e   to  form  a  p r e c i s e   d e p o s i t i o n   l ayer   for  an 

e l e c t r o n i c   component .  

The  e f f i c i e n c y   of  s p u t t e r i n g   systems  of  the  p r i o r   a r t   is  l i m i t e d   when 

bombarding  s u b s t r a t e s   which  are  i n s u l a t o r s   because  of  an  e l e c t r i c   c h a r g e  

which  develops   on  the  su r face   of  the  t a r g e t   a rea .   The  charge  can  b e  

reduced  by  adding  to  the  i n c i d e n t   ion  beam  free   e l e c t r o n s ,   in  the  c a s e  

of  a  p o s i t i v e   ion  s p u t t e r i n g   beam,  or  p o s i t i v e   ions  in  the  case  of  a 

n e g a t i v e   ion  s p u t t e r i n g   beam. 

In  the  case  of  a  p o s i t i v e   ion  beam,  free  e l e c t r o n s   have  been  added  t o  

the  p o s i t i v e   ion  beam  by  means  of  a  s e p a r a t e   e m i t t e r ,   in  the  path  of  t h e  

ion  beam,  u s u a l l y   a  f i l a m e n t   c a r r y i n g   an  e l e c t r i c a l   c u r r e n t .   T h i s  

t e c h n i q u e   of  n e u t r a l i s i n g   the  beam  adds  free  e l e c t r o n s   to  the  ion  beam 

n e u t r a l i s i n g   the  charge  at  the  s u b s t r a t e   s u r f a c e .  

Severa l   d i s a d v a n t a g e s   are  encoun te red   when  using  the  f i l a m e n t  

n e u t r a l i s i n g   t e c h n i q u e ,   the  f i r s t   of  which  is  c o n t a m i n a t i o n   of  t h e  

s u b s t r a t e .   It  is  not  unusual   for  the  f i l a m e n t   to  evapora t e   or  s u b l i m e  

whereby  c o n t a m i n a t e s   are  added  to  the  ion  beam. 



Placing  the  f i l a m e n t   in  the  ion  beam  also  causes  the  s u b s t r a t e   to  b e  

hea ted   which  in  the  case  of  some  s u b s t r a t e s   causes  d e g r a d a t i o n   of  t h e  

s u b s t r a t e   su r f ace .   A d d i t i o n a l l y ,   the  f i l amen t   is  s u b j e c t   to  bombardment  

by  the  i n c i d e n t   ion  beam  thereby   s p u t t e r i n g   f i l a m e n t   p a r t i c l e s   in to   t h e  

ion beam  which  end  up  on  the  s u b s t r a t e .  

One  p r i o r   a r t   t e chn ique   of  p roducing   a  n e u t r a l i s e d   ion  beam  is  d e s c r i b e d  

in  U  S  P a t e n t s   3 ,523,210  and  3 ,515 ,932 .   This  n e u t r a l i s e r   r e q u i r e s   t h a t  

a  c e r t a i n   beam  c u r r e n t   l eve l   be  e s t a b l i s h e d   to  ma in t a in   a  b r idge   o f  

p l a s m a  f o r   adding  n e u t r a l i s i n g   e l e c t r o n s   to  the  ion  s t ream.   Thus ,  

n e u t r a l i s a t i o n   is  dependent   on  a  c u r r e n t   i n t e n s i t y   s u f f i c i e n t   to  form  a  

p l a s m a  b r i d g e   wherein  a  p o r t i o n   of  the  plasma  e x i t s   the  plasma  g e n e r a t o r  

to  en t e r   the  ion  s t ream.  Low  c u r r e n t   ion  beam  p r o d u c t i o n   c a n n o t  

t h e r e f o r e   make  use  of  t h i s   t e chn ique   because  of  the  c u r r e n t   r e q u i r e m e n t s  

neces sa ry   with  plasma  b r idge   n e u t r a l i s a t i o n .   The  plasma  b r i d g e  

n e u t r a l i s a t i o n   t e chn ique   g e n e r a t e s   a  plume  of  ions  and  e l e c t r o n s  

r e s u l t i n g   in  a  poor ly   d i r e c t e d   beam  i n c a p a b l e   of  being  aimed  at  a  

d i s t a n t   t a r g e t .  

The  p r e s e n t   i n v e n t i o n   seeks  to  provide   s o l u t i o n s   to  the  problem  o f  

g e n e r a t i n g   n e u t r a l i s e d   ion  beams  which  do  not  s u f f e r   from  t h e  

d i s a d v a n t a g e s   of  being  con tamina ted   and/or   caus ing  e x c e s s i v e   h e a t i n g   o f  

a  s u b s t r a t e   t a r g e t .  

According  to  one  a spec t   of  the  i n v e n t i o n ,   a  method  of  p roduc ing   a  

n e u t r a l i s e d   low  energy  ion  beam  compr is ing   pa s s ing   an  e l e c t r i c a l   c u r r e n t  

between  an  anode  and  a  cathode  in  a  gas  f i l l e d   chamber  to  produce  a  

plasma  c o n t a i n i n g   p o s i t i v e   ions ,   high  energy  pr imary  e l e c t r o n s   and  low 

energy  background  e l e c t r o n s ,   is  c h a r a c t e r i s e d   by  e s t a b l i s h i n g   such  a  

p o t e n t i a l   on  a  gr id   d i sposed   to  one  side  of  the  plasma  t h a t   p o s i t i v e  

ions  and  high  energy  pr imary  e l e c t r o n s   from  the  plasma  flow  through  t h e  

gr id   the reby   p roduc ing   a  n e u t r a l i s e d   low  energy  ion  beam. 

According  to  ano ther   a spec t   of  the  i n v e n t i o n ,   a  n e u t r a l i s e d   low  e n e r g y  
ion  beam  g e n e r a t o r   comprises   a  chamber  c o n t a i n i n g   an  anode  and  a  

ca thode ,   means  to  i n t r o d u c e   an  i o n i s a b l e   gas  in to   the  chamber,  and  means 



to  p rov ide   a  p o t e n t i a l   d i f f e r e n c e   between  the  cathode  and  the  anode  t o  

form  a  plasma;  the  g e n e r a t o r   being  c h a r a c t e r i s e d   by  one  wall   of  t h e  

chamber  being  in  the  form  of  a  gr id   d i sposed   to  one  side  of  a  d i r e c t  

path  between  the  anode  and  the  cathode  and  means  to  ma in ta in   the  gr id  a t  

a  p o t e n t i a l   s l i g h t l y   more  p o s i t i v e   than  the  cathode  whereby  ions  and 

high  energy  pr imary  e l e c t r o n s   from  the  plasma  flow  through  the  gr id  t o  

the reby   produce  a  n e u t r a l i s e d   low  energy  ion  beam. 

According  to  a  f u r t h e r   aspec t   of  the  i n v e n t i o n ,   a  method  of  producing  a 

n e u t r a l i s e d   high  energy  ion  beam  is  c h a r a c t e r i s e d   by  d i r e c t i n g   ac ross   an  

u n n e u t r a l i s e d   high  energy  ion  beam,  a  r e l a t i v e l y   low  energy  beam 

c o n t a i n i n g   charged  p a r t i c l e s   of  oppos i t e   p o l a r i t y   to  tha t   of  the  ions  i n  

the  u n n e u t r a l i s e d   ion  beam. 

How  the  i n v e n t i o n   can  be  c a r r i e d   out  w i l l   now  be  d e s c r i b e d   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

Figure   1  r e p r e s e n t s   a  g e n e r a t o r   embodying  the  i n v e n t i o n ,   for  p r o v i d i n g   a  

s e l f - n e u t r a l i s e d   low  energy  ion  beam; 

Figure   2  i n d i c a t e s   the  p o t e n t i a l   d i s t r i b u t i o n   in  the  g e n e r a t o r   of  F i g u r e  

Figure   3  i n d i c a t e s   the  energy  d i s t r i b u t i o n   of  e l e c t r o n s   in  the  chamber  

in  the  g e n e r a t o r   of  Figure  1,  and 

Figure   4  r e p r e s e n t s   a  system  for  p roduc ing   a  n e u t r a l i s e d   high  energy  i o n  

beam. 

A  n e u t r a l i s e d   low  energy  ion  beam  g e n e r a t o r   (Figure  1)  comprises   a  
c h a m b e r   11  for  r e c e i v i n g   a  gas  to  be  i o n i s e d .   The  gas  may  be,  f o r  

example,  argon  with  a  chamber  p r e s s u r e   of  1m  Torr  (0.133N/m2)  1m  T o r r .  

A  magnet ic   f i e l d   8  is  e s t a b l i s h e d   across   the  chamber  11  to  i n c r e a s e   i t s  

ion  p roduc ing   e f f i c i e n c y .  



A  f i l amen t   14  is  connected  to  a  source  of  e l e c t r i c   p o t e n t i a l   and  t h e r e b y  

emits  e l e c t r o n s .   An  anode  13  is  ma in t a ined   at  a  p o t e n t i a l   f o r  

a t t r a c t i n g   the  e l e c t r o n s .  

The  m i g r a t i n g   e l e c t r o n s   have  an  energy  l eve l   d i s t r i b u t i o n   as  shown  i n  

Figure  3.  The  f i r s t   major  e l e c t r o n   p o p u l a t i o n   has  a  low  e n e r g y  
Maxwellian  d i s t r i b u t i o n .   The  second  major  e l e c t r o n   p o p u l a t i o n   c o m p r i s e s  

a  group  of  high  energy  primary  e l e c t r o n s .   The  e l e c t r o n s   which  m i g r a t e  

w i th in   the  chamber  11  c o l l i d e   with  gas  atoms  p roduc ing   both  p o s i t i v e  

ions  and  low  energy  e l e c t r o n s .   A  plasma  forms  having  a  p o t e n t i a l  

s e v e r a l   v o l t s   p o s i t i v e   of  the  anode .  

A  gr id   16  having  a  p l u r a l i t y   of  a p e r t u r e s   is  ma in t a ined   at  a  p o t e n t i a l  

for  a c c e l e r a t i n g   the  p o s i t i v e   ions  in  the  plasma  through  the  a p e r t u r e s  

to  the  e x t e r i o r   of  the  chamber  11.  A  sheath   forms  between  the  p l a s m a  

and  gr id   as  a  boundary  for  the  plasma  due  to  the  p o t e n t i a l   on  the  g r i d  

16.  

The  g e n e r a t o r   of  Figure  1  is  capable   of  supply ing   to  the  p o s i t i v e   i o n  

beam  n e g a t i v e   e l e c t r o n s   for  n e u t r a l i s i n g   the  beam.  To  make  use  of  t h e  

e l e c t r o n s   w i th in   the  plasma  as  n e u t r a l i s i n g   p a r t i c l e s ,   the  gr id   16  i s  

ma in t a ined   at  a  p o t e n t i a l   s l i g h t l y   p o s i t i v e   of  the  cathode  14  wi th in   t h e  

chamber  11.  The  p o t e n t i a l   d i s t r i b u t i o n   wi th in   the  chamber  11  for  t h i s  

c o n d i t i o n   is  shown  in  Figure  2.  The  cathode  14  p o t e n t i a l   is  e s t a b l i s h e d  

to  be  zero  v o l t s .   The  anode  is  held  at  a  v o l t a g e   of  40  v o l t s   p o s i t i v e  

of  the  ca thode .   The  plasma  assumes  a  p o s i t i v e   p o t e n t i a l   with  r e s p e c t   t o  

the  ca thode ,   and  a  v o l t a g e   g r a d i e n t   e x i s t s   between  the  plasma,   c a t h o d e  

14  and  g r id   16  forming  a  sheath   for  the  p l a s m a .  

The  s i n g l e   gr id   16  is  ma in t a ined   at  a  s l i g h t l y   p o s i t i v e   v o l t a g e ,  

t y p i c a l l y   1-5  v o l t s ,   with  r e s p e c t   to  the  cathode  14.  The  advantage  o f  

m a i n t a i n i n g   a  p o t e n t i a l   d i s t r i b u t i o n   wi th in   the  chamber  11  as  shown  i n  

Figure   2  is  the  i n t r o d u c t i o n   of  f ree   e l e c t r o n s   in to   the  p o s i t i v e   i o n  

beam  18  formed  at  screen  gr id   16.  The  p o s i t i v e   v o l t a g e   on  the  s i n g l e  

gr id   16  pe rmi t s   high  energy  pr imary  e l e c t r o n s   (Figure  3)  to  m i g r a t e  



towards  the  g r id .   These  pr imary  e l e c t r o n s   ba lance   the  charge  p r o v i d e d  

by  the  ions  e x i t i n g   the  gr id  16. 

The  high  energy  pr imary  e l e c t r o n s   in  the  plasma  which  ex i t   through  g r i d  

16  have  d i s s i p a t e d   much  of  t h e i r   k i n e t i c   energy  in  pa s s ing   over  the  g r i d  

16  and  have  an  energy  l eve l   d e s i r a b l e   for  n e u t r a l i s a t i o n .  

The  gr id   16  p o t e n t i a l   is  ma in t a ined   at  a  d e s i r a b l e   l eve l   for  promoting  a 

p o s i t i v e   ion,  s e l f   n e u t r a l i s e d   beam  by  e i t h e r   a l lowing   the  grid  to  f l o a t  

and  assume  a  p o t e n t i a l   e s t a b l i s h e d   by  the  c o l l i s i o n   of  e l e c t r o n s   and 

ions  on  the  g r id ,   or  by  using  a  power  supply  12  connected   between  t h e  

g r id   16  and  the  chamber  11  as  shown  in  Figure  1.  

TO  f u r t h e r   reduce  the  p o s s i b l e   c o n t a m i n a t i o n   of  the  gene ra t ed   i o n  

s t ream,   the  cathode  14  is  l o c a t e d   at  a  p o s i t i o n   wi th in   the  chamber  11  so  

t h a t   no  l ine   of  s igh t   path  e x i s t s   between  the  t a r g e t   i r r a d i a t e d   with  t h e  

ion  beam  and  the  cathode  14.  This  appa ra tu s   for  g e n e r a t i n g   a  s e l f  

n e u t r a l i s e d   beam  is  p a r t i c u l a r l y   u se fu l   in  low  energy  ion  beam  f o r m a t i o n  

having  an  energy  of  less   than  100  ev .  

The  ion  source  of  Figure  1,  being  se l f   n e u t r a l i s e d ,   is  u s e f u l   f o r  

n e u t r a l i s i n g   o t h e r ,   h igher   i n t e n s i t y   ion  beams  as  wi l l   be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  Figure  4.  More  g e n e r a l l y ,   a  s p u t t e r i n g   beam  is  n e u t r a l i s e d  

by  a  secondary  low  energy  ion  beam  which  i n t e r s e c t s   the  s p u t t e r i n g   beam. 

The  secondary  beam  c o n t a i n s   p a r t i c l e s   having  the  a p p r o p r i a t e   charge  f o r  

n e u t r a l i s i n g   the  s p u t t e r i n g   beam,  p o s i t i v e   ions  in  the  case  of  a 

n e g a t i v e   ion  s p u t t e r i n g   beam,  and  free  e l e c t r o n s   in  the  case  of  a 

p o s i t i v e   ion  s p u t t e r i n g   beam.  The  low  energy  beam  p rov ides   for  minimum 

i n t e r a c t i o n   with  the  s p u t t e r i n g   beam  and  su r round ing   vaccum  f a c i l i t y .  

R e f e r r i n g   now  to  Figure  4,  a  secondary ,   low  energy  beam  22  is  d i r e c t e d  

towards  a  pr imary   s p u t t e r i n g   beam  24.  The  a r rangement   of  Figure   4  i s  

u s e f u l   for  n e u t r a l i s i n g   both  p o s i t i v e   ion  beams  and  nega t i ve   ion  beams.  

The  pr imary  s p u t t e r i n g   beam  is  g e n e r a t e d   by  a  m u l t i - g r i d ,   high  e n e r g y  
ion  a c c e l e r a t o r   25.  



The  ar rangement   of  Figure  4  does  not  r e q u i r e   the  p a r t i c u l a r   ion  s o u r c e  

of  Figure  1  to  gene ra t e   the  secondary  beam.  The  use  of  a  r e f r a c t o r y  
metal  f i l a m e n t   21  e x t e r n a l   to  the  ion  source  20  w i l l   p rov ide   f r e e  

e l e c t r o n s   which  w i l l   n e u t r a l i s e   both  the  secondary  and  pr imary  ion  beams 

22,  24  gene ra t ed   by  ion  sources   20  and  25.  The  f i l a m e n t   21  can  be  

l o c a t e d   at  l e a s t   10  cm  from  the  main  beam  so  t ha t   h e a t i n g   of  t h e  

s u b s t r a t e   can  be  minimized.   In  e i t h e r   type  of  secondary  low  energy  beam 

g e n e r a t i o n ,   s e l f - n e u t r a l i s e d   or  e x t e r n a l l y   n e u t r a l i s e d ,   the  s ing le   g r i d  

28  ion  source  is  con templa ted   for  p r o v i d i n g   an  adequate   secondary  i o n  

beam.  The  s ing le   gr id   a c c e l e r a t o r   is  used  also  in  those  a p p l i c a t i o n s  

where  a  p o s i t i v e   ion  beam  n e u t r a l i s e s   a  nega t i ve   ion  beam.  In  a  

nega t i ve   ion  beam,  p o s i t i v e   ions  from  a  secondary  beam  e v e n t u a l l y   a p p e a r  

as  randomised  thermal   e n e r g y .  

The  n e u t r a l i s a t i o n   c a p a b i l i t y   of  t h i s   secondary  ion  beam  is  d e m o n s t r a t e d  

c o n s i d e r i n g   the  fo l lowing   example.  Assuming  t h a t   a  secondary ,   30  ev  

argon  beam  of  p o s i t i v e   ions  is  used  to  ca r ry   e l e c t r o n s   for  n e u t r a l i s i n g  

both  beams,  having  a  rad ius   of  1  cm  and  a  c u r r e n t   d e n s i t y   of  lma/cm2,  

the  ion  v e l o c i t y   can  be  de te rmined   a s :  

The  ion  and  e l e c t r o n   d e n s i t y   i s  

where  J   is  the  c u r r e n t   d e n s i t y ,   and  q  is  the  charge  of  an  e l e c t r o n .  

The  s a t u r a t i o n   e l e c t r o n   c u r r e n t   through  the  beam  is  c a l c u l a t e d   a s  

f o l l o w s .  

where  A  =  beam  cross   s e c t i o n a l   a rea ,   and 



v  =  beam  e l e c t r o n   v e l o c i t y .  

For  an  average  n e u t r a l i s e r ,   the  e l e c t r o n   t e m p e r a t u r e   would  be  e x p e c t e d  

to  be  1-2ev,   p roduc ing   mean  e l e c t r o n   v e l o c i t i e s   of  6.69  x  105  m/s  t o  

9.46  x  105m/s.  This  produces   a  s a t u r a t i o n   c u r r e n t   JS  of  between  44ma 

and  62ma  when  app l i ed   as  above .  

Thus,  the  30  ev  argon  beam  is  capable   of  p roducing   a  s a t u r a t i o n   e l e c t r o n  

c u r r e n t   w i th in   44-62ma.  The  e l e c t r o n   c u r r e n t   can  in  accordance   with  t h e  

above  c a l c u l a t i o n   be  i n c r e a s e d   with  a  h igher   e l e c t r o n   t e m p e r a t u r e   or  by  

i n c r e a s i n g   the  c ross   s e c t i o n   area  of  the  beam. 

The  p o t e n t i a l   drop  ac ross   the  secondary  beam  over  a  10cm  l eng th   s h o u l d  

not  s i g n i f i c a n t l y   a f f e c t   the  e l e c t r o n   c u r r e n t   c a p a c i t y   of  the  s e c o n d  

beam.  Cons ide r ing   a  t y p i c a l   plasma  r e s i s t i v i t y   for  e l e c t r o n   e n e r g i e s   o f  

1-2ev,  the  r e s i s t a n c e   of  a  10cm  l eng th   of  the  secondary  beam  should  be  

between  .20  ohms  and  .08  ohms  the reby   p r o v i d i n g   a  v o l t a g e   drop  of  9mv 

and  5mv  r e s p e c t i v e l y .   This  should  only  minimal ly   a f f e c t   the  e l e c t r o n  

c u r r e n t   c a r r y i n g   c a p a b i l i t y   of  the  beam. 



1.  A  method  of  producing  a  n e u t r a l i s e d   low  energy  ion  beam  c o m p r i s i n g  

pass ing   an  e l e c t r i c a l   c u r r e n t   between  an  anode  and  a  cathode  in  a  gas  
f i l l e d   chamber  to  produce  a  plasma  c o n t a i n i n g   p o s i t i v e   ions,   high  e n e r g y  

primary  e l e c t r o n s   and  low  energy  background  e l e c t r o n s ,   the  method  b e i n g  

c h a r a c t e r i s e d   by  e s t a b l i s h i n g   such  a  p o t e n t i a l   on  a  gr id  d i sposed   to  one 

side  of  the  plasma  tha t   p o s i t i v e   ions  and  high  energy  primary  e l e c t r o n s  

from  the  plasma  flow  through  the  gr id  thereby   producing   a  n e u t r a l i s e d  

low  energy  ion  beam. 

2.  A  method  as  claimed  in  claim  1,  in  which  the  gr id  is  ma in ta ined   a t  

a  p o t e n t i a l   of  from  1  to  5  v o l t s   p o s i t i v e   with  r e s p e c t   to  the  c a t h o d e .  

3.  A  n e u t r a l i s e d   low  energy  ion  beam  g e n e r a t o r   compris ing  a  chamber 

(11)  c o n t a i n i n g   an  anode  (13)  and  a  cathode  (14),  means  to  i n t r o d u c e   an 

i o n i s a b l e   gas  into  the  chamber,  and  means  to  provide   a  p o t e n t i a l  

d i f f e r e n c e   between  the  cathode  and  the  anode  to  form  a  plasma;  t h e  

g e n e r a t o r   being  c h a r a c t e r i s e d   by  one  wall  of  the  chamber  being  in  t h e  

form  of  a  gr id  (16)  d isposed   to  one  side  of  a  d i r e c t   path  between  t h e  

anode  (13)  and  the  cathode  (14)  and  means  to  ma in ta in   the  gr id  at  a 

p o t e n t i a l   s l i g h t l y   more  p o s i t i v e   than  the  cathode  whereby  ions  and  h i g h  

energy  primary  e l e c t r o n s   from  the  plasma  flow  through  the  grid  t o  

thereby  produce  a  n e u t r a l i s e d   low  energy  ion  beam. 

4.  A  n e u t r a l i s e d   low  energy  ion  beam  g e n e r a t o r   as  claimed  in  claim  3 ,  

in  which  the  cathode  is  d i sposed   at  such  a  p o s i t i o n   in  the  chamber  t o  

minimize  con tamina t ion   of  the  n e u t r a l i s e d   low  energy  ion  beam. 

5.  A  method  of  p roducing   a  n e u t r a l i s e d   high  energy  ion  beam 

c h a r a c t e r i s e d   by  d i r e c t i n g   across   an  u n n e u t r a l i s e d   high  energy  ion  beam, 

a  r e l a t i v e l y   low  energy  beam  c o n t a i n i n g   charged  p a r t i c l e s   of  o p p o s i t e  

p o l a r i t y   to  tha t   of  the  ions  in  the  u n n e u t r a l i s e d   ion  beam. 



6.  A  method  as  claimed  in  claim  5,  in  which  the  ions  in  t h e  

u n n e u t r a l i s e d   high  energy  beam  are  of  nega t ive   p o l a r i t y   and  the  low 

energy  beam  con t a in s   p o s i t i v e   i o n s .  

7.  A  method  as  claimed  in  claim  5,  in  which  the  ions  in  t h e  

u n n e u t r a l i s e d   high  energy  beam  are  of  p o s i t i v e   p o l a r i t y   and  the  low 

e n e r g y   beam  con t a in s   f ree   e l e c t r o n s .  

8 .   A  method  as  claimed  in  any  of  claims  5  to  7,  in  which  the  low 

energy  beam  is  gene ra t ed   from  a  p l a s m a .  

9.  A  method  as  claimed  in  claim  8,  in  which  the  low  energy  beam  i s  

produced  by  a  method  as  claimed  in  claim  1  or  claim  2  or  by  a  g e n e r a t o r  

a s   c laimed  in  claim  3  or  c laim  4 .  
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